INTRODUCTION
Traumatic brain injury (TBI) affects many domains of life, and impacts the quality of life (QoL) experienced by the injured person (1) . A central aspect of QoL is subjective well-being, and overall QoL is related to the person's individual expectations and achievements and their culture and value systems (1) . Subjective health-related quality of life (HRQoL) refers to human life experiences, including health status, subjective well-being and life satisfaction (2) . Earlier studies have shown that HRQoL after TBI is linked to changes in emotional status (3) (4) (5) (6) , neurobehavioral disturbances (7, 8) , cognitive impairments (9) , sleep-wake disturbances and fatigue (10, 11) , pain (12) , loss of communication skills (13) , loss of autonomy in advanced activities of daily living (ADL) (9) , changes in the level of participation (14) and vocational status (3, 5) .
In recent years HRQoL has become an important outcome variable after TBI (2, (15) (16) (17) (18) alongside the more traditional outcome measures, such as physical independence and return to work. This reflects an underlying paradigm shift in the evaluation of outcomes in TBI: capturing the patient's own perspective has become increasingly essential (15) . HRQoL is also viewed as a central end-point of rehabilitation, and appropriate measures are needed for the development and evaluation of effective treatments.
Generic HRQoL measures do not capture the full spectrum of effects of brain injury, and the need for a disease-specific measure was identified (16, 17) . The Quality of Life after Brain Injury (QOLIBRI) was created to fill this gap. It is a HRQoL instrument specifically developed for persons after TBI (19) (20) (21) . The validity and psychometric properties of the QOLIBRI have been investigated recently in a multi-centre international study with 795 adults with TBI (19) (20) (21) . The use of the QOLIBRI in clinical settings has also been described previously in detail; the QOLIBRI provides information about the patient's subjective perception of his/her HRQoL, allows the identification of personal needs, and aids in the prioritization of therapeutic goals and evaluation of individual progress (21) .
The Finnish version of the QOLIBRI questionnaire was originally translated in 2004 according to linguistic validation guidelines (20) and was revised in 2006. The Finnish QOLIBRI validation study presented here was conducted using a convenience sample of patients with TBI, who had all participated in residential rehabilitation. This strategy creates some limitations for the study, but simultaneously provides an opportunity to explore the HRQoL in a pure rehabilitation sample with its own distinctive characteristics. The present study also covers an exceptionally long follow-up time of up to 15 years after TBI. The aims of the present study were: (i) to examine the HRQoL of patients with TBI who have received residential rehabilitation; and (ii) to assess the psychometric properties and validity of the Finnish QOLIBRI. (ii) spinal cord injury; (iii) significant current or pre-injury psychiatric history; (iv) ongoing severe addiction; (v) inability to understand, cooperate and answer; and (vi) having terminal illness. The Finnish sample is part of the larger international QOLIBRI development and validation data (19, 20) and it was collected during 2006-2007.
Measures
The QOLIBRI (19) (20) (21) gives a profile of HRQoL in domains relevant to TBI, together with a total HRQoL score. The measure consists of 37 items which form 6 scales: Cognition; Self; Daily life and autonomy; Social relationships; Emotions; and physical problems. Four of the scales contain "How satisfied are you with..." items, and two have "How bothered are you with..." items. Responses are given on a 5-point Likert scale, from "not at all" to "very". The GOSE was used as an assessment of functional status (22) . Depression and anxiety were assessed using the Hospital Anxiety and Depression Scale (HADS) (23) . The Short-Form 36 (SF-36) (24) was used as a patient-reported generic health outcome measure, which gives information on both physical and mental HRQoL (25) . Data were also gathered concerning social and demographic information, including age, gender, relationship status, educational background, occupation, level of independence, number of social contacts, participation in leisure activities, and the use of alcohol and recreational drugs. A health questionnaire was used to assess health status and comorbid health conditions and problems. Information was also gathered concerning help needed in daily life. Clinicians collected clinical data, including level of consciousness after injury (the worst GCS score in the first 24 h), length of post-traumatic amnesia, location of injury, current medication, and a rating of disorders in 10 areas (epilepsy, hemiparesis, visual and auditory deficit, extra-cerebral injuries, communication problems, attention dysfunction, memory dysfunction, executive dysfunction, affective and behavioural disorders).
Ethical approval
The QOLIBRI study was approved by the ethical committee of the Käpylä Rehabilitation Centre.
Data analysis
The data was analysed using SpSS 18.0. Missing responses on the QOLIBRI-scale were imputed per participant by substituting the missing value by the scale mean rounded to an integer. The scale scores were transformed to 100-point scale (i.e. percentage scale).
RESULTS

Descriptives
A total of 157 participants were enrolled, 14 subjects were excluded due to missing GCS. Demographic and clinical characteristics of the sample are shown in Table I Again compared with the international data, both lower primary school-group and higher college-and university groups were larger, and therefore the variance was greater (19) . For further analysis, the education level "other", which was chosen by 3 participants, was replaced by mean rank (3.) of the 5 clearly ordinal education levels. This was also considered case by case to be the best match.
Predictors of health-related quality of life
Stepwise linear regression analysis was conducted to examine predictors of quality of life. The following variables were entered into the analysis: coma length, GCS, length of post-traumatic amnesia, GOSE, number of comorbid health conditions, number of clinical disorders, number of leisure activities, anxiety and depression measured by HADS, age, rounded age at TBI, rounded years since injury, alcohol use, education level, employment status and amount of received rehabilitation. Since most of the variables were skewed, the analysis was conducted using ranked data (26) . Variables were excluded if they explained less than 1% of the variance. Five variables reached significance as predictors of the total QO-LIBRI score: depression; the amount of help needed; anxiety; education level; and age at injury. These variables accounted for 60.1% of the variance (Table II) . Education level and age at injury were examined further, since these were specific predictors from the Finnish sample not found in the international study. A statistically significant correlation was found between the total QOLIBRI scale and age at TBI (r = -0.177, p = 0.027). When examined more closely, two of the QOLIBRI subscales were significantly correlated with age at 
Psychometric properties of the Finnish QOLIBRI
There were a maximum of 18.9% and a median of 6.1% missing responses per participant. Item characteristics of the QOLIBRI-items are shown in Table III . All of the corrected item-total correlations (CITCs) were 0.48 or greater: it is conventionally accepted that they should be greater than 0.4 (27) . Internal consistency of the scales and the total score estimated by Cronbach's alpha met standard psychometric criteria (Table IV ). An endorsement index was used for item frequency analysis: distributions were checked for frequency problems and no 2 adjacent response categories had a sum of less than 10% of the total number of responses (28) .
Test-retest reliability.
A total of 49 subjects completed the QOLIBRI again after a 2-week interval. The test-retest intraclass correlations (ICC) of the Finnish QOLIBRI, which have previously been reported by Steinbüchel et al. (20) , ranged from 0.75 to 0.83 for separate scales. The ICC for the total QOLIBRI was 0.87. Test-retest change was examined by paired sample t-testing (Table V) . Because most of the scale-variables were skewed, a square-root transformation was applied before carrying out the statistical comparisons. The total QOLIBRI score was consistent over the 2 measurements (p = 0.478). Two of the scales ("Daily life and autonomy" and "Emotions") differed statistically between the 2 measurements (p = 0.035; p = 0.032), but the effect sizes were small (-0.176; -0.213).
Structure of the measure. To confirm the dimensionality and structure of the QOLIBRI, principal component analysis was conducted using oblique rotation (promax method with Kaiser Normalization based on the assumption of correlated scales). A forced 6-factor solution was produced to compare the structure of Finnish QOLIBRI with the international analysis. As shown in Table VI , most of the QOLIBRI scales load on appropriate factors and the pCA reproduces the overall structure of the QOLIBRI. The Daily life and autonomy scale had most cross loadings, and the reliability of this scale was therefore examined more closely. The overall alpha of the scale was good (0.877) and the corrected item total correlations were all 0.512 or greater.
Validity of the Finnish QOLIBRI
Construct validity was assessed by examining correlations between the QOLIBRI scale and other assessments (GOSE, HADS, SF-36) plus demographic and clinical factors. Since the variables were not normally distributed, Spearman correlations were used (Table VII) . The results indicate that emotional state is strongly associated with the overall QOLIBRI. In addition, significant correlations were found between the QOLIBRI and the SF-36, a general HRQoL-measure; the mental scale of the SF-36 correlated most strongly with the Emotions-scale of the QOLIBRI, and the physical scale of the SF-36 correlated most strongly with the physical scale as expected. No association between the years since injury and the QOLIBRI was found and there was no overall trend for change in HRQoL over the long follow-up. The QOLIBRI total was 59.4 (SD = 14.5) at 0 to < 4 years (n = 28), 58.1 (SD = 19.5) at 4-9 years (n = 72), and 61.0 (SD = 21.0) at 10-15 years (n = 57).
DISCUSSION
The first aim of this study was to evaluate HRQoL and its predictors in patients with TBI, who have received residential rehabilitation. In this group depression was found to be the strongest predictor of HRQoL. Other significant predictors were the amount of help needed, anxiety, age at injury, and education level. Time after injury was not related to reported HRQoL. Milder injuries were paradoxically associated with lower life satisfaction. The other main goal of this study was to assess the reliability and validity of the Finnish version of the QOLIBRI questionnaire. The results show that the psychometric properties of the Finnish QOLIBRI met standard psychometric criteria. The construct validity of the measure was confirmed by examining its relationship with other measures, including the HADS, SF-36 and GOSE; the relationships found are consistent with expectations for a HRQoL scale.
The strong association between the QOLIBRI and emotional state was expected on the basis of the theoretical model and the analysis of the international data (19) and from previous research (3) (4) (5) (6) . The association between the QOLIBRI and the amount of help needed has also been reported previously (19) , whereas age at injury and education level were novel predictors of the QOLIBRI, which had a small, but significant, impact on reported HRQoL in this study. Both are recognized as factors contributing to outcome after TBI in the literature (29) . Truelle et al. (2010) also found that patients with a lower level of education experienced lower quality of life in several domains measured by the QOLIBRI, which is consistent with our finding. Compared with the large international sample, the variance in education level was greater and the follow-up time after injury was longer in the Finnish sample, which could have made these phenomena more visible. younger age is also consistently associated with better functional outcome after TBI (29, 30) , but the literature concerning age and cognitive outcome after TBI is still rather limited. It has been shown in one longitudinal study, however, that most patients with TBI experience mild cognitive decline during follow-up, but this decline is influenced by gender and age at injury (31). Our finding, that age at TBI is related to the patient's subjective satisfaction with their cognitive functioning, complements these results nicely.
Time since TBI was not associated with quality of life in our sample. On the contrary, HRQoL remained relatively stable in the long-term in this rehabilitation group. Studies concerning life satisfaction several years after TBI are rare (32) , and studies of long-term quality of life after rehabilitation are even rarer. Cicerone et al. (33) found that patients less than one year after TBI demonstrate significantly higher quality of life, whereas no significant differences were found later after injury; this can be interpreted as a result of early anosognosia. Jacobson et al. (32) , on the other hand, found that life satisfaction improved over time many years after injury. They concluded that perceived self-efficacy may mediate the relation between the individual expectations and achievements, and thereby contribute to overall subjective well-being. In our study, all of the participants had undergone an intensive multidisciplinary rehabilitation period, which could affect both their perceived self-efficacy and self-awareness.
The psychometric properties of the Finnish QOLIBRI proved to be good. Consistency of the measure was excellent for the total score (alpha = 0.954) and good or excellent for the separate scales (alpha = 0.79 to 0.92). Consistency was even slightly higher than in the multi-centre study, in which alpha varied between 0.75 and 0.89. Test-retest reliability of the QOLIBRI was considered acceptable. The overall structure of the measure was reproduced quite well by the principal component analysis, although one of the scales (Daily life and autonomy) loaded on several factors. This could have been due to the relatively small sample size for this type of analysis. Despite small differences, the results concerning the reliability of the Finnish QOLIBRI are well in line with previous QOLIBRI studies (19) (20) (21) .
The validity of the QOLIBRI was examined by comparing it with other measures known to relate to the HRQoL. Significant correlations were found between the QOLIBRI and the SF-36, a general HRQoL-measure. The mental summary scale of the SF-36 was particularly associated with the Emotions-scale of the QOLIBRI and the physical summary scale of the SF-36 correlated most strongly with the physical problems-scale of the QOLIBRI, which shows that the sub-scales of the QOLIBRI measure different concepts in a consistent manner. In addition, the measure of depression and anxiety (HADS) was strongly associated with the QOLIBRI, as noted previously. These findings confirm the construct validity of the QOLIBRI. Functional outcome measured by GOSE was moderately related to the QOLIBRI. It is noteworthy, however, that HRQoL is not strongly determined by functional outcome in this sample. A similar finding has been reported in some previous research (1, 21, 34) and suggests adjustment to disability caused by TBI.
A negative correlation was found between the QOLIBRI and injury severity measured by the GCS, which indicates lower HRQoL in the patients with milder TBI compared with more severe injuries. This was unexpected, since such an association was not found in the analysis of the international data. However, previous research has revealed that relationship between injury severity and HRQoL after brain injury is not straightforward; some studies have found no connection between injury severity and HRQoL or life satisfaction (34, 35, 20) and a few have revealed a similar relationship between these variables that we found (32, 36, 37) , although this phenomenon has not been widely reported. One possible explanation for this finding in our study is that it is at least partially due to the selection of the sample. Patients classified as having mild traumatic brain injury, are in fact a heterogeneous group. There is, for example, discussion about whether GCS 13 should be considered as indicating mild TBI as the risk of intracranial lesions is considerably higher in this group than in patients with GCS 14-15 (38) . Outcome after mild TBI is usually good, but this does not Finnish QOLIBRI apply to all cases; outcome is moderated by various pre-injury, injury related and post-injury factors (38) . In our sample the vast majority (98.7%) had moderate or severe disabilities and only a few (1.3%) displayed good recovery assessed by the GOSE. It is therefore reasonable to conclude that patients who are referred to residential rehabilitation after TBI primarily classified as "mild", are usually in need of special help and do not represent typical cases of mild TBI. These patients could also have had more difficulties in getting the help they need, and they may have had to struggle more with the consequences of their TBI.
It is likely, however, that selection is not the only factor affecting these results, since some similar findings have been reported previously. Jones et al. (37) present the interesting idea that a positive relationship between injury severity and life satisfaction is mediated by personal and social changes, in that severely injured patients have a greater sense of "survivorship" along with greater levels of social support. Such personal and social variables may play a part in our sample too, although they were not specifically measured. In addition, patients with low self-awareness might estimate their HRQoL higher (39) , although divergent results have also been reported (34) . Lower self-awareness has also been found to associate with more severe injuries (39, 40) , and therefore lack of self-awareness could also be a mediating factor in our findings.
These results have important implications for clinicians working with brain injury patients in clinical settings: Sufficient follow-up after mild TBI is recommended in order to target patients in need of support and to prevent secondary consequences of TBI, such as depression. Furthermore, examination of the underlying causes of poor HRQoL is an essential part of the rehabilitation process after mild TBI as well as after more severe injuries.
The main limitations of the present study are the selectiveness of the sample and the moderate sample size. Since the sample was limited to patients who have received residential rehabilitation, the results concerning HRQoL cannot be generalized to other TBI populations. For the purpose of validating the Finnish QOLIBRI, the sample was considered to be sufficiently heterogeneous, however. The cross-sectional study design also creates limitations for the study. The participants span different generations, and it can therefore be hypothesized that their concepts and expectations of good quality of life may differ from each other on a group level, as well as on individual level. This factor could, in theory, influence the age-and time-related results.
It is concluded that the Finnish version of the QOLIBRI is reliable, and that it can be used both for scientific and clinical purposes. In addition, the investigation of HRQoL in a patient group referred to residential rehabilitation reveals a unique and interesting pattern of HRQoL, which could be explored further by comparison with other patient groups. Our study, somewhat surprisingly, suggests lower life satisfaction after milder injuries in certain populations. Selection of the sample is probably an explanatory factor in our study, but there might be other factors involved (37, 39) . Further investigation into this relationship between injury severity and HRQoL is recommended in order to enhance our understanding of the mediating factors. In future, the use of the QOLIBRI could also be studied in longitudinal settings to examine the potential usefulness of the instrument in setting and measuring attainment of goals in rehabilitation. The QOLIBRI has been in regular clinical use in the Käpylä Rehabilitation Centre since the translation of the questionnaire, and experiences of its use in rehabilitation setting have been positive. As pointed out earlier, HRQoL is not strictly determined by injury severity or the functional status of the patients. Therefore it is important to identify the goals that matter to the patient. The QOLIBRI adds important information to the standard clinical procedure, as it brings out the subjective experience and values of the patient in a structured, comprehensive and practical manner.
